Abstract. In 1944, two Canadians, Oswald Avery and Colin MacLeod, and an American, MacLyn McCarty, publiShed a paper in The Journal of Experimental Medicine that demonstrated genes to be the chemical, deoxyribonucleic acid (DNA). Even though this paper is now regarded as the single most important publication in biology of the 20th century, Avery was not awarded the Nobel Prize. This raises the question as to why his work did not earn him the Prize. There are several possible reasons: the discovery may have been ahead of its time; all three authors were physician-scientists and not recognized chemists or geneticists; and Avery, the principal author, had reached an advanced age and characteristically took an extremely cautious and low-key approach to his work. Discussion of these reasons in turn raises other issues surrounding the recognition of the work of celebrated scientists, from Galileo and Copernicus onwards. 
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In 1944, Oswald Avery (Fig. 1) , wilh Colin MacLeod and Maclyn McCarly (Fig. 2) , reporled from the Rockefeller Institute of Medical Research that the substance (Le., the gene) that could transform one type of pneumococcus into another was deoxyribonucleic acid (DNA).! The significance of Iheir paper, which established thai genes are DNA, was not realized at first, and only much later was Avery's finding hailed as "the single most important finding in biology of the 20th century,"2 and "the opening of the contemporary era of genetics, its molecular phase.'" According 10 science historian Horace Judson, Ihe elucidation of the chemical nature of genes by Avery was one of the three landmark events of the 20th century, along with Max Planck's quantum concept and Albert Einstein's relativity theories.' They transformed science as well as everyday life. Avery wa5 widely referred to as the "Professor." Student nurses at the Hoagland Laboratory in Brooklyn, New York, addressed him thus because of the excellence of his teaching, while his colleagues at the Rockefeller Institute continued to call him "Fess" because of the clarity of his scientific presentations and the wisdom of his counsel. s In reality, however, Avery was never a titular professor because he retired before the Rockefeller Institute became the Rockefeller University in 1955. More remarkably-and the focus of this paper--<iespite his singular achievement, the Nobel prize eluded him. Why? An initial answer to this question is that the significance of Avery's work was not initially recognized. Surprisingly, his paper of 1944 was received by many of his fellow scientists with incredulity and even hostility.-In time, however, the magnitude of the discovery came to be realized. For example, Joshua Lederberg, in his acceptance speech for the 1958 Nobel Prize for Medicine or Physiology, rather than customarily focusing on his own prize.winning research, held "it more imporlantto acknowledge how genetics had been totally transformed by Avery's discoveries:'7 Another Nobel laureate, Wendell Stanley, apologized for not trying enough to draw attention to Avery's work. ' Avery was not awarded the prize even though the Rockefeller Institute advised the Nobel Award Committee about the importance of his findings. 13 Sixty years after Avery's paper, it is certainly appropriate to examine the reasons why the "Professor" did not receive his well-deserved prize. Did Avery himself, the man or the scientist, in any way contribute to the scepticism of the scientific community? Answers may bring to light factors that may impede, even today, the recognition of important scientific discoveries.
"tWo of the authors of the seminal paper of 1944 were born in Canada. Avery was born in Halifax, Nova Scotia, on 21 October 1877, and MacLeod, in Port Hastings, Nova Scotia on 28 February 1909. McCarty was born on 9 June 1911, in South Bend, Indiana. Avery's father, Reverend Joseph Francis Avery, a Baptist minister, had left his parish in Norfolk County, England, in 1873, allegedly after hearing a voice say, "you are wanted and must go to Nova Scotia." In 1887, Avery's father heard another voice, urging him to undertake pastoral work among the multitudes of New York" He and the family therefore left Halifax for New York. As for his mother, Elizabeth Crowdy was a short, no-nonsense lady of great determination and strong will, and Avery had much in common with his mother, both physically and mentally.
In 1900, Avery obtained his BA in Humanities from Colgate University, New York, as part of his preparation for entering the ministry. This explains why Avery did not take a single additional course in science beyond the few elementary compulsory ones for the BA degree. Furthermore, his best grade was in public speaking, though this is hard to reconcile with Avery, the scientist, who was well known for extreme shyness and abhorrence of scientific meetings. After graduation, Avery's career orientation took a sudden tum. He enrolled in Columbia University College of Physicians and Surgeons, obtaining his MD in 1904. For about three years Avery practised family medicine in New York Most of his patients had pneumonia or tuberculosis, for which there was then no effective treatment. Indeed, Avery lost his mother to pneumonia. Fortuitously or not, pneumonia and tuberculosis were the two main topics of research in Avery's later life.
Avery, however, found medical practice intellectually unfulfilling, and in 1907 he began a career of research at the Hoagland Laboratory, New York There, Avery learned how to analyze the chemical composition of bacteria and how the chemical nature of bacterial components could influence the immune response of the host. This work was the beginning of immunochemistry, which became a distinct discipline after the pioneering work by Avery and a colleague at the Rockefeller Institute, Dr.
Karl Landsteiner, who later received the Nobel Prize for Medicine or Physiology in 1930 for discovering human blood group substances. At about this time, Avery was also recommended for a Nobel Prize for his research on the immunochemistry of pneumococcal antigens, but the Award Committee turned him down.
Avery became interested in the chemical nature of genes following Frederick Griffith's startling report that, after mice were injected with a mixture of nonvirulent Type n pneumococcus and heat-killed virulent lYpe III pneumococcus, they died of pneumonia caused by lYpe III pneumococcus. Griffith also found that neither heat-killed 'JYpe III pneumococcus alone nor 'JYpe II pneumococcus alone produced any disease." The most plausible explanation of these results was that somehow the killed Type III pneumococcus had transformed the Type II into virulent 'JYpe III pneumococcus, which indicated transmission of genetic information. Two years later, Martin Dawson, another Canadian in Avery's team, demonstrated that Type n pneumococcus could be transformed into 'JYpe III simply by mixing live cultures of 'JYpe II pneumococcus with heat-killed Type III pneumococcus in test tubes.!6 Soon after this, Lionel Alloway, who replaced Dawson, was able to transform one type of pneumococcus into another by growing a given type of pneumococcus in the presence of cell-free extract of another type of pneumococcus,17 It took more than a decade to prove that the active transforming agent in the extract was pure DNA.'.
There is no doubt that Avery's shyness, avoidance of conferences, and reticence about his own research prevented the building of networks essential for scientific recognition. Avery's evangelical background had taught him to be self-critical and self-effacing. However, his low-key approach could also have resulted from the mood of scepticism which prevailed at that time as a result of three scientific fiascos. One was an earlier mistaken claim by Avery himself that the immunological determinants in pneumococcal type-specific antigens were "of protein nature"!'; his own work later revealed these antigenic determinants to be polysaccharides.'" The second was Richard Willstatter's claim that enzymes were not proteins. 21 The third of these fiascos was Stanley's claim (later repudiated by Stanley himself) that tobacco mosaic virus was a pure protein. 22 Whatever the reason, Avery concluded his 1944 paper with the note that "some contaminants, not detectable by existing methods, could conceivably be involved in the transformation," even though his DNA preparation could transform pneumococci in dilutions of less than 1 in 100,000,000, thus making it practically impossible for a contaminant to be responsible for the transformation. The Nobel Award Committee, not familiar with such a cautious and self-critical approach, decided, especially at the insistence of Einar Hammersten,'-' a member who was a Swedish biochemist, that it was "desirable to wait until more became known about the mechanism involved in transformation"t his, even though the Committee was well aware that Avery was nearing retirement. This cautionary note also gave credibility to the group of critics, led by Avery's institutional colleague, the biochemical geneticist Alfred
Mirsky, who stubbornly maintained that the transforming agent was a contaminant, probably a protein. 24 As a scientist, Avery was a firm believer in critical analysis of data and avoidance of speculation. To Avery, it was "merely clever, vainglorious and indeed irresponsible to extrapolate from limited laboratory findings, however well documented, to sweeping statements....."25 Thus, unlike Watson and Crick, who boldly speculated on the general biological implications of the double helical model of DNA in the paper that won them the Nobel Prize, Avery did not comment on the possible generality of DNA-mediated bacterial transformation. This omission made it difficult to lookbeyond the results and to grasp their far-reaching implications. Was Avery too old or did he die too soon after the publication of his paper to receive the Nobel Prize? Arne Tiselius, a Nobel-laureate member of the Nobel Award Committee, thought that the Committee did not award the prize to Avery because "he was an old man when he made the discovery." According to Tiselius, that Avery never received the prize was "lamentable," adding that "had he not died when he did I think he would almost certainly have gotten it."26 This is supported by the claim of Avery's niece, who argued that "had he lived a few years longer, he would have received a Nobel Prize, according to the members of the Nobel Award Committee."27 Time was certainly a factor: the Nobel Award Committee took 55 years to recognize the importance of the work of Avery's colleague at the Rockefeller Institute, Peyton Rous, on the viral transmission of fowl sareoma.:1ll Rous was fortunate to have survived so long, but Avery died of liver cancer on 20 February 1955, just when the significance of his findings had began to be widely recognized. His death allowed the Award Committee to close the file on the "professor's" prize.
Was Avery's discovery ahead of his time, as was Gregor Mendel's theory on inheritance?" The importance of a discovery can only be weighed on the scale of existing knowledge and conceptual frameworks. At the time of publication of Avery's paper, bacteriologists were slil1 arguing whether bacteria such as pneumococci did, indeed, contain any gene or DNA and whether they mated. 30 Furthermore, Phoebus Levene, another colleague of Avery's at the Rockefeller Institute and an authority on DNA chemistry at that time, regarded DNA as a rather simple molecule consisting of chains of monotonously repeating tandems of four nucleotides, follOWing each other in a fixed order. 3l How could such a molecule code for the enormous number and variations of genetic information? On the other hand, proteins had the repertoire of structural variations (based on subtle variations in amino acid sequences) to fulfill the functional role of genes. This misled most scientists into accepting "the protein version of the central dogma," according to which "biological specificity flowed from the proteins."32 Levene, as we recognize now, was wrong, but it took several years for Erwin Chargaff, the emigre Austrian biochemist, to correct this erroneous dogma and to vindicate Avery's finding. 33 The emergence and rapid growth of new disciplines in science raises barriers. Disciplines become inward.looking, publish their own scientific journals, invent jargons, and breed gurus who may wield considerable power that may sometimes be misused." Fewer and fewer scientists have the knowledge or motivation to look beyond these barriers. Avery, MacLeod, and McCarty were physicians with an interest in bacteriology and immunology. They were virtually unknown to geneticists and chemists, who simply could not believe that Avery's group had the expertise to isolate pure DNA, even though the methods used were described in great detail in the paper. ss To complicate matters further, Avery's paper appeared in The Journal of Experimental Medicine, which was published by the Rockefeller Institute (i.e., where Avery worked) and not usually read by biochemists or geneticists. 36 Worse still, to avoid speculation, the word"gene" was not mentioned in the title, summary, or conclusion of the paper. Historically, most discoveries that challenge entrenched dogmas have been bitterly resisted. The fates of Galileo Galilei and Nicolaus Copernicus are well known. Most classical geneticists in the 1940s, were not well versed in chemistry. To many of them genes were a mathematical concept or mysterious entities that defied the laws of chemistry and physics. 37 They stubbornly contested the concept of genes being a chemical-that is, DNA. 38 What can we learn from this episode of the Professor and the prize that eluded him? In today's milieu of commercialization, it may be superfluous to emphasize the first lesson; namely, that undue reticence and self-aiticism regarding one's own research do not sell one's discovery. However, the most important lesson of this episode can best be conveyed by a story recounted by the Nobel-laureate biochemical geneticist, Jacques Monod. 39 He could not obtain laboratory or office space in the biochemistry and genetics departments at the Pasteur Institute in Paris because neither accepted him as truly belonging to their respective disciplines. He ended in the corridor. It is now essential to promote interdisciplinary communication and to stimulate research that transcends diSciplines. Otherwise, progress will fall through interdisciplinary chasms into a wasteland. Commercialism in science is also making it increasingly difficult to obtain financial support for basic research that has no market value. Would a shy loner like Oswald Avery, driven by pure curiosity and ignorant of the realities and rewards of the market place, be funded today? Moreover, can curiosity-driven research into unknown terrains survive within the present grant-support system in which applicants have to provide (and therefore must know beforehand) convincing . The Rockefeller University honored Oswald Avery by naming the only gated entrance to the university after him. Because of his Canadian birth, the gate was constructed with Canadian granite from the Laurentians. The 50th anniversary of the discovery of DNA by Avery, MacLeod, and McCarty was celebrated by the Rockefeller University'" and in scientific journals. 41 Nothing appears to have been done in Canada to honour this Halifax-born scientist. Recently, the Faculty of Medicine, Dalhousie University, Halifax, appealed for donations to establish a scholarship in Oswald Avery's name. So far there has not been a substantial response. 
